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Abstract. One of the urgent needs of the agricultural sector is to ensure the 
growth of crop production, including legumes, and increase the competitiveness 
of domestic agricultural enterprises, which is impossible without government 
regulation and economic support for agriculture. Strategic development of 
agrotechnologies with a focus on global trends in approaches to growing and 
fertilizing crops necessitates the development of adapted varietal cultivation 
technologies, which will ultimately ensure the formation of a modern 
technological strategy for the development of Ukraine’s agro-industrial 
complex and ensure its long-term food security. To date, many types of legumes 
have not lost their importance as important food crops and occupy a prominent 
place in the formation of food and protein resources in many countries. The 
unique properties of legumes open an extremely wide range in the solution of 
vegetable protein and can be used in many areas of the processing industry: a 
variety of products for daily, dietary and functional nutrition, feed production, 
drug production, cosmetics. Today, in the period of globalization of the world 
economy, the production of legumes requires a flexible approach to international 
competition, ensuring the solution of food and environmental security. Legumes 
play an important role in the grain and fodder balance of agricultural formations 
in Ukraine. Strategically, Ukraine should take a course to reduce the export of 
raw materials and create conditions for the organization of in-depth processing, 
which will contribute to: meeting the needs of intensive livestock with high-
protein feed; creation of additional jobs; increase in tax revenues; ensuring food 
and environmental security of Ukraine.
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1. Introduction
Among the resources of society, food is the most important. Ukraine 

is the world’s leading food producer, even in terms of technological 
backwardness. However, the further development of the agricultural sector 
requires the state to develop and implement a well-thought-out strategy for 
the modernization of agricultural production. The agro-industrial complex, 
which produces agricultural raw materials and food, is the guarantor of the 
country’s food security [7–8; 90–99].

One of the urgent needs of the agricultural sector is to ensure the growth 
of crop production, including legumes, and increase the competitiveness of 
domestic agricultural enterprises, which is impossible without government 
regulation and economic support for agriculture [1–3, 86–88].

The strategic development of agrotechnologies with a focus on global 
trends in approaches to growing and fertilizing crops necessitates the 
development of adapted varietal technologies, which will ultimately ensure 
the formation of a modern technological strategy for the development of 
Ukraine’s agro-industrial complex and ensure its long -term food security. 
To date, many types of legumes have not lost their importance as important 
food crops and occupy a prominent place in the formation of food and 
protein resources in many countries [15–16; 20–22; 47–48].

The monograph is characterized by scientific novelty, which testifies 
to the authors’ deep knowledge of theoretical and practical aspects of 
technological methods of growing legumes and is useful for agricultural 
professionals, as well as professionals who at the scientific and practical levels 
solve the problem of organic farming. The scientific and methodological 
value of the monograph lies in the presentation of the results of research 
conducted on the basis of the Research Farm «Agronomichne» of Vinnytsia 
National Agrarian University in the village of Agronomichne, Vinnytsia 
district, Vinnytsia region.

2. Analysis of recent research and publications
Intensification of grain production, including fodder, should become one 

of the strategic directions of accelerated development of all agro-industrial 
production of Ukraine by 2030 [4–5; 56–57]. For this purpose it is necessary 
to focus on creation of high-yielding varieties, innovative technologies for 
their cultivation, which will be based on the effective use of life factors 
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(light, heat, moisture, nutrients), which will promote maximum synthesis of 
organic matter and protein. In addition, in the context of climate change, it 
will be necessary to form a unified agricultural policy for the production of 
legumes [6–7; 23–25; 81–85].

It should be noted that one of the main tasks of an agricultural producer 
is not only growing, but also bringing products to certain conditions and 
organizing its timely delivery to the points of the procurement system, as 
well as ensuring the quality of the part left by the producer [9–10; 17–19; 
77–80]. First of all, the implementation of the global task of the agro-
industrial complex to improve the quality of agricultural products, reduce 
its losses during post-harvest processing and storage depends on this. 
Industries involved in the storage and processing of agricultural products 
play a leading role in providing the population with food, as well as in the 
organization of grain exports of legumes, the traditional producer of which 
is Ukraine.

In Ukraine, the solution of theoretical, practical aspects of the formation 
and use of vegetable protein in crop production deals with a number of 
well-known domestic agricultural scientists, especially those representing 
the scientific school, in particular, Petrichenko V.F., Babych A.O., 
Mazur V.A., Bakhmat M.I., Kaminsky V.F., Pantsyreva H.V. and other  
[11–14; 26–30; 42–46; 57–61; 63–68].

Given the lack of organic fertilizers in the modern crop rotation of 
Ukrainian agriculture, when in 2019 the fertilized area of manure was 
only 503,600 ha, which is only 2.7% of arable land with an estimated 
application of organic fertilizers for the entire arable land of Ukraine  
0.5 t/ha at scientifically based norm of 18.3 t/ha, which could partially 
stabilize the resilience of such agroecosystems, there is an important 
problem of finding alternative ways to replenish the stock of organic matter 
in the soil, which will not only improve the agro-ecological condition of 
soils, but also increase the resilience of such homogeneous agroecosystems. 
exposure to pests – pests, diseases and weeds, the number of which has 
increased sharply 61 [30–42].

The traditional legume crop of agricultural lands of Ukraine during 
the second half of the twentieth century was sown peas, which occupied 
in the structure of sown areas of each farm at least 10%. In those days, 
its straw was used for animal feed, so it was not scattered in the fields.  
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The removal of nutrients from the soil by cultivated crops was compensated 
by significant amounts of organic fertilizers. The agroecological significance 
of peas at that time was determined by its symbiotic nitrogen fixation and 
optimal characteristics of this crop as a steam precursor of winter wheat 
[49–50; 69–70].

However, it is not uncommon for straw in the fields to be simply 
burned after harvest. At the same time, about 1.5-2 tons of organic matter 
is irretrievably lost from one hectare, and the soil microflora is disturbed. 
This leads to a decrease in soil fertility, which affects the yield of crops. 
And although in Ukraine at the legislative level there is a ban on such 
incineration of crop residues, still from year to year it is neglected by many 
companies [71–76].

In the 21st century, the sown area of peas in Ukraine has sharply decreased, 
and its agri-environmental significance has increased significantly. The 
decrease in the sown area of peas is due to economic and business factors 
and not very high intensification of the technology of its cultivation. At the 
same time, the sown areas of other, often uncommon legumes, including 
soybeans, began to grow [52–54].

Legume straw contains more organic matter than other organic fertilizers, 
and very valuable components to increase soil fertility: cellulose, pentose, 
hemicellulose and lignin, which are carbohydrate energy substrates for soil 
microorganisms. This is the main building material for soil humus.

3. Conditions, objective and methods of research
The scientific and methodological value of the monograph lies in the 

presentation of the results of research conducted on the basis of the Research 
Farm «Agronomichne» of Vinnytsia National Agrarian University in the 
village of Agronomichne, Vinnytsia district, Vinnytsia region. Scientific 
research was performed by conducting field and laboratory experiments. 
The research was conducted following generally accepted methods. The 
soil of the experimental field is leached black soil, low humus, on carbonate 
loam. The humus content in the soil layer is 0-30 cm (according to Tyurin 
is 3.86-4.11%; easily hydrolyzing nitrogen (according to Cornfield) – 
111-121 mg/kg, mobile phosphorus and metabolic potassium (according to 
Chirikov) – 90 and 179 mg/kg of soil, respectively. The absorption capacity 
and the number of absorbed bases vary, respectively, between 33-36 and 
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30-33 mg-eq/100 g of soil. Hydrolytic acidity is 0.76-0.87 mg-eq/100 g 
soil, the degree of saturation of the basics – 94.7-99.0%.

The solid phase density is 2.58 g/cm3, the density of the soil structure 
is 1.14-1.25 g/cm3, the total porosity is 52-59%. The maximum soil 
hygroscopicity is 5.2%; the lowest moisture content is 23.4%, the total 
field capacity is 41.2%. The climate of the southwestern part of the Forest-
Steppe of Ukraine is warm, with sufficient moisture. The average radiation 
balance in the region for the year is 43.3 kcal/cm², and for the growing 
season of sugar sorghum – 137.73 kJ/cm². Most of PAR come in June and 
July. From May to September, 3/4 of the annual amount of heat comes to the 
soil surface. Annual precipitation ranges from 550-700 mm, 3/4 of which 
falls during the warm season. The hydrothermal coefficient in the region 
is 1.4. The weather conditions of the sugar sorghum vegetation period in 
2017–2019 years had the following features: with the average long-term 
rainfall and the sum of temperatures respectively 345 mm and 2903 °C, 
during the years these indicators fluctuated within such limits. During the 
research period, two experiments were conducted.

4. Research results
The revival of agro-industrial production, stabilization of economic 

conditions for the functioning of the food industry is the main goal of state 
agricultural policy in Ukraine. The agricultural sector, which grows crops, 
most of which are cereals, is a seasonal production. 

In most farms, the main products stored are grains and seeds of various 
crops. Preservation and rational use of the harvest is an important task of 
every producer, every farm, regardless of its structure, production volume 
and other indicators. 

A significant role in solving the problem of providing the population 
with wholesome food belongs to the agricultural processing industry. Along 
with powerful enterprises of the food industry, the number of agro-industrial 
enterprises of various forms of ownership, medium and small capacity for 
processing agricultural products has recently increased. In such enterprises, 
instead of «large» technologies, technologies with a reduced production 
cycle using a variety of equipment are used.

That is, depending on the characteristics of production, the quality of raw 
materials used in a particular technology, some technological parameters 
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may change, but the principled approach to the processing of agricultural 
products. 

Some attention is paid to the storage of agricultural raw materials, 
as well as products of its processing, because, as we know, the lack 
of a scientific approach to the problem of product preservation, 
violation of storage techniques leads not only to quantitative but also 
qualitative losses. Unwanted changes in the natural properties of raw 
materials require regulation of technological parameters of individual 
technological stages, as a result of which the stability of its initial 
parameters may decrease. 

The value of legumes is very high, so they are grown in all countries. 
Legume seeds are rich in proteins, the content of which varies between 
20-40% and on average twice the protein content of cereal grains. 

The average chemical composition of the seeds of some legumes is 
given in table 1.

Table 1
Average chemical composition of grain  
(per 100 g of edible part of the product)
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Energy value

kcal kJ

Peas 14,0 20,5 2,0 4,6 44,0 5,7 2,8 298 1247
Bean 14,0 21,0 2,0 3,2 43,4 3,9 3,6 292 1222
Lentil 14,0 24,0 1,5 2,9 39,8 3,7 2,7 284 1188
Soybean 12,0 34,9 17,3 5,7 3,5 4,3 5,0 332 1389

* inedible part (in%) of peas, beans, lentils – 0.5; soybeans – 2.0.

Legume seeds are used for food, fodder and technical purposes. They 
give highly nutritious, protein-rich hay, good green fodder, silage, haylage. 

When assessing the quality of legumes, special attention is paid to the 
appearance and color of seeds (Table 2).

The color determines the freshness, maturity of the seeds and belonging 
to a particular variety. 
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The best light-colored seeds, 
which usually have a thinner shell, 
grow well. The color of the seeds is 
the basis for the division of many 
legumes into types (beans, lentils, 
rank) or subtypes (peas, beans, 
chickpeas, beans). Seeds of food 
beans and lentils, depending on the 
color are divided into three types. 

Of great importance in the 
evaluation of batches of legumes 
is the size of the seeds. The most 
valuable large seeds, which contain 
fewer shells and more nutrients 
than small ones. Seed quality is 
characterized by its uniformity. 
Aligned seeds are boiled at the 
same time in contrast to the 
heterogeneous size of the seeds, 
which increases the digestibility 
and taste of the finished product. 
When processing well-aligned 
seeds, a higher quality product is 
obtained. 

Humidity for legumes is 
slightly higher than for cereals. 
This is due to the fact that very dry 
legume seeds are difficult to boil, 
when stored they crack and break 
down into cotyledons (such as 
beans), which dramatically reduces 
its safety and consumer properties. 
Soybean seeds have low humidity 
levels and are high in fat.

Peas are the most common 
legume, it is grown everywhere. In 
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terms of chemical composition, it differs favorably from other cereals. Peas 
contain on average about 28% protein, 59 – carbohydrates, 1.7 – fat, 3.3 – 
ash and 8% fiber. 

In the process of vegetation, the grains of the lower pods ripen earlier 
than the others, and last of all the grains of the upper ones. Thus, along 
with the ripe grains, the plant has a significant part of the grains in which 
the ripening process has not yet ended or is just beginning. Peas crack 
easily. To prevent losses, peas are harvested without waiting for full 
ripening, when the lower beans in most plants turn yellow. Naturally, 
the grains in different phases of ripening are characterized by different 
chemical composition and moisture. Biological processes in them also 
occur with varying intensity. In immature grains, the transformation 
of simpler chemicals into complex ones continues, which causes the 
respiratory process to intensify. 

The presence of organic and mineral impurities in pea mounds reduces 
its stability during storage. Hygroscopic impurities, which are plant 
particles, as well as minerals contribute to the emergence and development 
of unwanted processes and also prevent aeration.

Characteristic of pea grain, especially dry, is the ability to easily split 
and break during threshing and other operations. The halves, as well as 
small particles of grain in places left without shells, are quickly affected 
by microorganisms, mold and spoilage. They are also more accessible to 
pests. Therefore, the presence of a significant number of halves and very 
fragmented particles is considered a serious drawback. 

Features of the chemical composition of pea grains significantly affect 
its storage conditions. Due to the high protein content, peas quickly absorb 
moisture from the air and hold it with great force. Moisture of the grain and 
the presence of a large number of nutrients create conditions for enhancing 
the viability of peas and microorganisms that inhabit its surface, as well as 
pests. 

Cleaning – one of the main measures that can improve the quality of peas. 
Cleaning of peas from plant residues, halves, very crushed grain particles, 
mineral impurities is carried out urgently, immediately after receipt of grain. 
Given the high flowability of pea grain, it is necessary, depending on the 
variety and size, to select sieves with holes of appropriate size and reduce 
their slope, placing under one side of the separator wooden bars. 
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Pea grain is well preserved with a humidity close to 14%. Methods 
and modes of drying are significantly different from grain grains. Peas are 
dried by air-solar method. In addition, it is good to pass the grain through 
the cleaning machines. Active ventilation with dry warm air also gives 
excellent results.

Thermal drying of peas is carried out very carefully. In the process 
of drying, the skin often bursts and the core breaks into halves, wrinkles 
are formed on the surface of the skin, which are clogged with dust. The 
presence of exposed particles and dust contribute to the development of 
fungal diseases and the appearance of grain pests. Heat drying modes are 
set depending on the humidity of the peas. When its humidity is above 
18%, the maximum allowable grain heating temperature is 30 °С, and the 
allowable coolant temperature is 70 °С; at grain moisture not exceeding 
18% – 40 and 80 °С, respectively. At high initial humidity peas are passed 
through the dryer twice or thrice. 

When storing peas, keep in mind that it has high hygroscopicity. 
Conditions are created that prevent the penetration of groundwater, and 
appropriate ventilation modes are established. It is inadmissible to store 
peas in storages with clay and cement floors. It is necessary to control the 
humidity in the mounds, and to ventilate, ventilate and move the peas only 
if the humidity as a result of these operations will decrease or at least will 
not change, but the grain temperature will decrease.

As the grain of dry peas easily splits on impact, precautions are taken 
when shoveling, aerating, sorting and moving on conveyors. Impact machines 
should not be used. You can not throw peas very high, jerks when shoveling. In 
cleaning machines provide a uniform mode of their operation and continuous 
passage of grain layer of the same thickness. When moving on conveyors it 
is necessary to soften blows at falling of grain. To do this, in the middle of his 
path create obstacles in the form of inclined sieves of pieces of tarpaulin and 
sacking. The machines are moved on a clean swept floor. Ladders are placed 
on the surface of the grain embankment, on which workers are obliged to 
walk. The height of pea loading is up to 3 m, in the warm season it is reduced. 
grows strongly. That is why from time to time consignments of peas are sold. 
During storage, the most harmful pest is pea (bruchus).

It is important to note that weevils are not damaged by peas. This 
is of great importance for peas in storage. One of the main measures to 
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control the grain at the embankment temperature exceeding 12 °C is 
aeration. Disinfection of peas is carried out only after 1.5-2 months from 
the date of harvest, because by this time aeration leads to a decrease in 
grain germination. The peas must have a moisture content of not more than 
15.5%. Determination of germination is performed 15 days before and 
15 days after disinfection. For seed peas, storage conditions and control of 
grain masses are stricter. Seed moisture should not exceed 14%, and in areas 
with high average annual temperature – 12-13%. The height of the stack in 
the cold season – eight bags, the embankment is not more than 2.5 m, and in 
the warm season, respectively, six bags and 2 m. The technique of cleaning 
and drying of pea seeds is the same as food.

Soybean grain has the following chemical composition: 36.5% protein, 
26 carbohydrates, 17.5 fat, 5.5 ash and 4.5% fiber. In terms of protein and 
fat content, soybeans are significantly superior to grains of other legumes. 
It is used for making milk, cheese, confectionery, oil, flour, various fillers, 
to obtain protein concentrates. 

Soybean harvest is carried out in September, when the weather becomes 
unstable and it often rains. This explains its high humidity. Biological 
properties and chemical composition of soybeans cause its instability 
during storage. The level of temperature and humidity of grain, as well as 
the degree of aeration of the grain mass has a decisive influence on storage 
conditions. With increasing humidity, the intensity of grain respiration 
increases sharply. The presence of decomposed grains and crushed grains 
has a significant effect on soybean storage. The respiration of decomposed 
wet grains increases six fold compared to whole grains. This is due to the 
development of mold fungi on the surface of grain particles that have been 
released from the shells.

The flow ability of soybeans is due to humidity. In wet grain, the duty cycle 
decreases. During storage, the grain volume decreases due to compaction. 
All batches of grain, regardless of moisture, should be thoroughly cleaned 
of impurities immediately upon receipt. This measure is of great importance 
for increasing the stability of soybean mounds, and is a consequence of the 
elimination of breeding grounds for mold fungi. 

Soybean storage is possible at a humidity of 10-12%. When drying 
soybeans use air-solar method and active ventilation with dry warm air. 
Typical drying is carried out very carefully. During accelerated drying, 
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moisture evaporates from the surface of the grains and their inner layers 
at different rates. The husks dry so quickly that the moisture present in 
the inner layers does not have time to redistribute and moves to the grain 
surface. While the former retain almost the same volume, the size of the 
drying shells decreases rapidly. This leads to their rupture and disintegration 
of the grains into halves. At the accelerated modes of drying steaming and 
considerable decrease in germination is also observed. Therefore, drying 
of soybeans is carried out in 2-3 steps. The temperature of the drying agent 
should be 25 °C; 30… 35; 50 ... 60 °C. The increase in temperature during 
each process should be less, the greater the initial humidity of soybeans.

Under such drying modes, the grain dries fairly evenly. During drying, 
the temperature and condition of the grain are closely monitored. If there is 
an increase in the number of grains with cracked shells and a change in their 
color, the temperature is reduced and at the same time increase ventilation. 
It is not necessary to raise temperature of drying agent above 50 ... 60 °C. It 
is better to store soybeans in well-ventilated dry storages with wooden or 
asphalt floors. The height of the dry grain embankment should not exceed 
2 m, with short-term storage of wet grain – 0.5 m. 

In the process of storage of soybean seeds should be careful care to ensure 
the preservation of its sowing properties. The height of the embankment of 
seeds in the winter is 1.5 m or a stack of eight bags, and in the warm season 
it is reduced by a third, respectively, 0.5 m and two bags. A 0.5-0.75 m 
wide passage is left between the stacks. Seed germination decreases rapidly 
during storage under adverse conditions. After 3-4 years, as a rule, the 
seeds lose viability and germinate poorly. Therefore, seed grain must be 
stored in dry ventilated storage. The seeds should be immediately cleaned 
of impurities, thin and broken grains and dried at the mildest temperatures 
to a humidity of 10%.

5. Conclusions
The obtained research results give grounds to believe that the use of 

high-yielding varieties in intensive cultivation technology is recommended 
for obtaining highly productive yields of legumes with appropriate grain 
quality indicators by agro-formation of the Right-Bank Forest-Steppe in 
intensive cultivation technology. The introduction of high-yielding varieties 
into production practice with the improvement of technological methods of 
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cultivation will reduce the deficit of vegetable protein, as well as improve 
the physicochemical and phytosanitary conditions of the soil.

Some attention is paid to the storage of agricultural raw materials, 
as well as products of its processing, because, as we know, the lack of 
a scientific approach to the problem of product preservation, violation 
of storage techniques leads not only to quantitative but also qualitative 
losses. Unwanted changes in the natural properties of raw materials require 
regulation of the technological parameters of individual technological 
stages, as a result of which the stability of its initial parameters may decrease.

In Ukraine and the world promising competitive adaptive technologies 
for growing legumes based on determining the characteristics of growth, 
development and yield formation with a comprehensive study and 
differentiated combination in the technological process of basic elements: 
varieties, fertilizers, tillage, crop protection from weeds , pests and diseases, 
as well as studies their biologized models, involving the introduction of low 
doses of mineral fertilizers in combination with by-products (non-commercial) 
products of predecessors. These technologies make it possible to obtain 
a yield of peas – 3.5-4.0, white lupine – 3.2-3.5, yellow lupine – 2.0-2.2, 
narrow-leaved lupine – 3.0-3.2, beans – 2.5-2.8 t/ha. However, the weak point 
of such technologies is the binding to specific types of soils, unidirectional 
application of classical mineral fertilizers, focus on the standard format of 
microfertilizers, lack of tactics of concomitant control over changes in soil 
fertility, conflicting data on the effectiveness of such technologies for tillage 
and the impact of stressors. As a result, the efficiency of the real realization 
of the yield potential of the outlined range of legumes by 30-55%, and for a 
number of promising valuable legumes chickpeas, lentils – up to 60-68%. 
Such aspects confirm the relevance, innovation and production significance 
of research and its national research and production relevance for the agro-
industrial complex of Ukraine and world agricultural practice.
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